excretion, in a typical fermentative process, is catalyzed by the NAD-dependent propanediol oxidoreductase (7) . Aerobically, E. coli oxidizes the L-lactaldehyde to lactate by a rather unspecific aldehyde dehydrogenase (2, 17) , whereas for S. typhimurium, three lines of experimental evidence point towards a striking difference in the fate of L-lactaldehyde.
First, a culture of S. typhimurium LT2 (ATCC 23564) grown aerobically on minimal medium (4) containing 10 mM rhamnose reached a yield of 170 mg (dry weight) or 94 mg of cell protein per g of substrate, with a doubling time of 100 min. The yield for wild-type E. coli ECL1 (6) reached a value of 330 mg (dry weight) or 187 mg of cell protein per g of substrate, twice that of S. typhimurium, with a doiubling time of 80 min (Fig. 1) . Dry weight was estimated after 20 h at 110°C, and cell protein in cell extracts before centrifugation was determined by the method of Lowry et al. (12) . In each case, rhamnose, as measured by the methylpentose-specific method of Dische and Shettles (8) , was totally consumed when the culture reached the stationary phase. Anaerobically, the yields of both species on 20 mM rhamnose were the same, reaching a value of 85 mg (dry weight) or 46 mg of cell protein per g of substrate, with a doubling time of 180 min ( Fig. 1) .
A second line of experimental evidence was obtained by measurement of 1,2-propanediol excretion. Cells were grown aerobically with 10 mM rhamnose or anaerobically with 20 mM rhamnose. Soon after the growth reached the stationary phase, cultures were centrifuged, and 1,2-propanediol was measured in the supernatant. 1,2-Propanediol was measured by the method of Jones and Riddick (9) by mixing 1 ml of the conveniently diluted samples With 5 ml of concentrated sulfuric acid at 700C for 10 min and reacting the mixture after cooling to 25°C with 0.2 ml of a 3% (wt/vol) solution of ninhydrin in an aqueous 5% (wt/vol) sodium bisulfite solution. After 1 h at 250C, the contents of the tubes were diluted to 12.5 ml with concentrated sulfuric acid. After 5 mim, A595 was measured. DL-1,2-Propanediol was used as the standard.
Anaerobically, 1,2-propanediol was excreted into the medium up to the concentration of the substrate fermented. * Corresponding author.
Aerobically, E. coli did not excrete 1,2-propanediol, since lactaldehyde was oxidized to lactate instead of being reduced to 1,2-propanediol. In contrast, under the same aerobic conditions, S. typhimurium excreted an equimolar concentration of the diol (Table 1) .
Finally, a third line of experimental evidence for the different aerobic metabolism of L-lactaldehyde in S. typhimurium compared with that in E. coli came from the analysis of lactaldehyde dehydrogenase activity in these cells. E. coli and S. typhimurium cells were grown aerobically or anaerobically on mineral medium with rhamnose as the carbon source, and lactaldehyde dehydrogenase activity was determined in cell extracts.
Cells in mid-log phase were collected by centrifugation, and extracts were prepared by sonic disruption in an MSE sonicator set at an amplitude of 18 to 24 ,um for periods of 1 min/ml of cell suspension in a tube chilled at 0°C. Extracts were clarified by centrifugation at 20,000 x g for 30 min. By the modification of Caballero et al. (5) , the assay of aldehyde dehydrogenase was performed by following the rate of increase of A340 (NAD reduction) in a reaction mixture containing 2.5 mM NAD, 1 mM glycolaldehyde, and 100 mM sodium glycine buffer (pH 9.5) in a final volume of 1 ml. One unit of enzyme activity was defined as the amount of enzyme transforming 1 ,umol of substrate per min. Protein concentration in the cell extracts was estimated by the method of Lowry et al. (12) , with serum albumin as the standard.
E. coli exhibited high activity levels (340 mU/mg of protein) when grown aerobically (Table 1) ; however, low levels were measured under anaerobic conditions (3). In contrast, lactaldehyde dehydrogenase activity in S. typhimurium cell extracts was negligible under all growth conditions, despite the use of different conditions for the assays. The search for this activity included the use of 100 mM sodium phosphate buffer that allowed us to assay from pH 4.5 to 8.0 and the use of the already mentioned 100 mM sodium glycine buffer that allowed us to assay from pH 8.5 to 11. Concentrations of glycolaldehyde from 0.2 to 2 mM and of lactaldehyde from 0.05 to 2 mM were also tested. None of these conditions gave aldehyde dehydrogenase activity with NAD or NADP. The effects of well-known aldehyde dehydrogenase activator ions, such as K+ and Ca2" (16, 18) , were also studied, with negative results.
It is of interest to emphasize that the use of E. coli lactaldehyde dehydrogenase antibodies (2) gave cross-reacting material in Ouchterlony immunodifusion (13) 
